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Design of flow-phase single-molecule immunoassay detection system
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Abstract: We develop a single-molecule immunoassay detection system for flow-phase samples to enable
early diagnosis of tumor biomarkers. The system includes an optical fluorescence imaging platform and an
image processing algorithm. First, we developed a flow-phase single-molecule immunoassay detection meth-
od suitable for real-time detection of low-concentration, high-throughput samples. Second, we designed a set
of fluorescence imaging detection platform compatible with microfluidic chips. Through the rational config-

uration of optical filters and beam splitters, high-resolution fluorescence imaging was achieved by utilizing
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multi-module integration. Finally, based on the image detection and counting algorithm for out-of-focus

particles, we optimized a feature-matching algorithm to effectively detect out-of-focus fluorescent particles.

Experimental results demonstrate a detection limit of 0.001 pg/mL within a linear range of 0.001—1 pg/mL,

with coefficient of variation below 10%. The system can process up to 10 samples per hour. These findings

indicate that our system meets the requirements for stable, sensitive, and high-throughput single-molecule im-

munoassay detection, showing promising potential for early cancer screening.

Key words: early diagnosis; single-molecule immunodetection; fluorescence imaging; optical platform; fea-

ture matching
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Fig. 12 Detection results of the imaging detection system
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Tab.1 Detection results of fluorescent particles in

sample a
MRS A a a a SFEIE
1:500 4.54 3.94 5.1 4.53
1:1000 2.23 2.13 1.65 2
1:3000 0.53 0.79 0.78 0.7
1:4000 0.64 0.49 0.38 0.5
1:5000 0.55 0.32 0.42 0.43
1:10000 0.32 0.25 0.18 0.25
1:50000 0.01 0.01 0 0.01
b FEAKHE NS 2 PR

R2 bHEETNRFRVER

Tab.2 Detection results of fluorescent particles in

sample b
ik b, b, by S
1:500 4.41 4.14 3.93 4.16
1:1000 2.09 1.37 1.56 1.67
1:3000 0.98 0.77 0.64 0.79
1:4000 0.46 0.43 0.4 0.43
1:5000 0.57 0.56 0.26 0.46
1:10000 0.24 0.31 0.17 0.24
1:50000 0 0.01 0 0

Xt B G BRI 4 R A T R o B S Lk
WA, FFEE 25 N AR o 5 W R
AR AR o R ANIE 13RI UL Tl
REO 7R
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Tab.3 Performance comparison between the proposed

system and Simoa HD-X system

HRESE Simoa R4 KRG
JINgE S 1~ 100 uL 1~100 uL
v 0.048 L 0.2~1pL
oAl 0.01 ~ 100 pg/mL 0.001 ~ 1 pg/mL

A =AM R =30
it CV<10% CV<10%
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